Background: The surgeon's individual performance is a key component of total quality management (TQM) in cardiac surgery. Early mortality as well as postoperative complications can be stratified in order to develop a surgeon performance index (SPI). Material and methods: In three consecutive annual periods (3703 patients) data of board-certified cardiac surgeons were compared. Risk-adjustment of early mortality and postoperative complications was performed by logistical EuroSCORE (logES). Early mortality (EM), early rethoracotomy for bleeding (ReTh), sternal rewiring for instability (ReWr), and mediastinitis (Med) were assessed. ReTh, ReWr, and Med were weighted according to empiric data: (ReTh Â 2; ReWr Â 1; Med Â 3). Surgeon performance index was computed as follows: SPI = (EM/logES + [((ReTh/logES) Â 2) + ((ReWr/ logES) Â 1) + ((Med/logES) Â 3)]/6)/2. Ideal SPI was considered 1. SPI of the respective previous period was handed out to each surgeon and discussed by means of a structured dialogue. Results: Patients from each period were allocated to 11 cardiac surgeons. Overall logES of the three periods were 6.6%, 9.1%, and 11.2% respectively; EM 5.7%, 6.6%, 5.6%; ReTh 5.8%, 7.3%, 10.9%; ReWr 2.4%, 1.9%, 1.4%; and Med 0.9%, 1.8%, 1.8%. SPI showed a mean of 0.71, 0.56, and 0.49. Conclusion: Comorbidity increased between periods 1 and 3 significantly whereas early mortality remained rather stable. SPI indicated improvement of the performance of the individual surgeon and a decrease of range and mean of the overall performance. SPI is therefore an effective tool to assess individual surgical quality and serves as an instrument for human resource management and development. Sustainable positive effects on overall performance can be expected. #
Introduction
Total quality management (TQM) has gained increasing impact in current economically oriented health care systems as a tool for strategic hospital development satisfying the needs of the stakeholders [1] . In order to guarantee adequate treatment quality as well as standards of care several countries have already established quality control and public reporting measures by law [2] . Thus, genuine benchmarking has found its way into the health care environment [3] . Surprisingly, individual treatment quality has not been addressed thus far in a truly systematic fashion although treatment quality is markedly dependent on the individual physician particularly in the surgical field. Robust data concerning individual treatment quality, however, are likely to become increasingly relevant for quality management purposes as well as human resource management [4] . Early mortality (EM) as well as typical complications of the respective types of interventions may be utilized for an analysis of individual treatment quality. Risk-adjustment, however, is mandatory in order to adjust for the individual comorbidity of the patient the respective surgeon is taking care of. In a cardiac surgery department a risk-adjusted individual treatment quality ratio: surgeon performance index (SPI) was therefore invented and assessed for all boardcertified cardiac surgeons over three consecutive annual periods in order to evaluate the feasibility of such a tool for identifying quality deficits, improving overall quality, and optimizing human resource management.
Material and methods
In a single institution results of three consecutive years with a total of 3703 cardiosurgical procedures were analyzed and broken down into the results of each individual boardcertified cardiac surgeon. Data from patients operated upon within the resident-training program were not used. Cases were allocated by the program organizer on a day-to-day basis in order to achieve a homogenous caseload for all board-certified staff members and to match severity of the individual case with the experience of the respective surgeon. Patients did not choose the individual surgeon on a regular basis. However, in a few instances we complied with a respective wish. All board-certified staff members performed the entire procedure including opening and closure of the sternum themselves while management of the superficial layers was performed by residents in training for educational purposes. The entirety of the data was used to assess the individual treatment quality of the respective surgeon and an individual quality ratio was developed. Acceptance of these results by the involved staff members was discussed after the respective period with the head of the department using a structured dialogue within a staff appraisal. Comparison of the results of the consecutive annual periods then served for a revision of the effects of individual quality assessment. All data were kept strictly confidential but were disclosed to all board-certified surgeons of the cardiac surgery department.
Statistical assessment of individual quality was performed utilizing data from the operative report, the epicrisis, as well as meta-data from the hospital's information system of three consecutive years (periods 1, 2, and 3). Items were: number of procedures of the respective surgeon; EuroSCORE, logistical EuroSCORE (logES), perioperative complications: early mortality (30-day mortality or 'never left the hospital'), early rethoracotomy for hemorrhage (more than 200 ml/h in 2 consecutive hours or cumulative amount of more than 1000 ml in the first 6 postoperative hours); sternum instability (visible movement of sternal edges) necessitating sternum rewiring, mediastinitis (Med) (as defined by presence of local and systemic clinical findings, inflammatory laboratory parameters, and positive culture from the mediastinum). Surgeons were grouped according to their experience (seniority: 1 = board-certified junior surgeon; 2 = staff member; 3 = senior staff member or head of department).
Algorithm for assessment of 'surgeon performance index' (SPI)
The following items were used for assessment of the surgeon performance index: Risk-adjusted early mortality: early mortality (%) divided by logistical EuroSCORE (%) as well as rethoracotomy (ReTh; %), rewiring (ReWr; %), and mediastinitis (%) divided by logistical EuroSCORE. The three latter complications were empirically weighted according to their impact on convalescence: rethoracotomy times factor 2; rewiring times factor 1; mediastinitis times factor 3. Riskadjusted early mortality as well as risk-adjusted complications were condensed to the following formula yielding a ratio: SPI ¼ ðEM=logESÞ þ ðððReTh=logESÞ Â 2Þ þ ððReWr=logESÞ Â 1Þ þ ððMed=logESÞ Â 3ÞÞ=6 2 which can be mathematically rearranged to
Results of the respective period were handed out to all involved surgeons. The head of the department was integrated with his individual results in the program. Thereafter, a structured dialogue was performed with each member of the group and the head of the department. In the following periods data were again handed out and were statistically compared with the previous results.
Statistical analysis was performed using SPSS statistical package for Windows (Version 15, SPSS Inc., Chicago, IL, USA). Numeric variables with normal distribution were analyzed by means of one-way ANOVA with Tukey-HSD post-hoc comparisons. Non-normally distributed data were analyzed by means of Kruskal-Wallis and Mann-Whitney tests. Categorical variables were analyzed using X 2 -test. Data are shown as mean, mean AE SD, or mean percentages. Significance was assumed if p was <0.05.
Results

Distribution of procedures
The changes in the distribution of the procedures performed during the three consecutive periods reflected the currently observed shift in the industrialized nations showing continuous decrease of isolated CABG-procedures accompanied by a steady increase of valve procedures, combined valve and bypass surgery, and other more complex procedures such as aortic surgery or triple valve surgery with or without concomitant bypass surgery (Table 1 ).
General ratios of operative performance
Overall early mortality was 5.7% in period 1, 6.6% in period 2, and 5.6% in period 3. The differences were not statistically significant. Logistical EuroSCORE significantly rose from 6.6% in period 1 over 9.1% in period 2 to 11.2% in period 3 indicating an increase of comorbidity of the patients, severity of their preoperative condition as well as procedural complexity. Risk-adjusted early mortality (EM/logES) significantly decreased from 0.94 over 0.53 to 0.34. Number of early rethoracotomies significantly increased from 5.8% over 7.3% to 10.9%. Sternal rewiring decreased consecutively from 2.4% in period 1 over 1.9% in period 2 to 1.4% in period 3 (Table 2 ).
Individual results
Individual results demonstrated the expected differences concerning the number of procedures between the staff members. Senior staff-surgeons performed more procedures per year than junior staff-surgeons whereas residents carried out rather small numbers. Two surgeons left the department early in period 3 ( Table 3 ). Table 3 ).
Logistical EuroSCORE
Logistical EuroSCORE of a respective surgeon increased with seniority and experience. The overall increase of logistical EuroSCORE from period 1 to period 3 corresponded with a significant increase of the individual logistical EuroSCORE of almost all surgeons (Table 4 ).
Early mortality
Early mortality of the individual surgeon varied significantly between 0% and 8.9% in period 1, 0% and 18% in period 2, and 0% and 10.6% in period 3. Whereas the differences were non-significant in the majority of the surgeons involved two surgeons showed a significant increase between periods 1 and 2 (Table 5 ). Risk-adjustment of early mortality by means of logistical EuroSCORE resulted in a leveling (Table 3 ). Notable differences between individual surgeons, however, remained.
Complications
Rethoracotomy: All except one surgeon demonstrated an increase of early rethoracotomy between periods 1 and 3. Three surgeons exhibited a significant increase between periods 1 and 3 or periods 2 and 3 respectively. Rewiring: None of the surgeons demonstrated significant changes in the number of rewiring. One surgeon showed a high percentage of rewiring in period 1. The total number of procedures of this respective surgeon at that particular time was, however, small (n = 19). Mediastinitis: Four surgeons showed a percentage of mediastinitis above 3%. However, a significant difference was only observed in the surgical oeuvre of one surgeon exhibiting a significant increase of the number of patients with mediastinitis between periods 1 and 2 followed by a decrease below 1% in period 3 (Table 6 ).
Structured dialogue
Results of the structured dialogue could only be partially quantified. The majority of the surgeons considered SPI an Surgeon (anonymized); seniority: 1 = board-certified junior surgeon; 2 = staff member; 3 = senior staff member or head of department; n: number of procedures; ES: EuroSCORE; logES: logistical EuroSCORE (%); EM: early mortality (%); EM/logES: risk-adjusted early mortality; ReTh: early rethoracotomy for bleeding (%); ReWr: rewiring for sternum instability (%); Med: mediastinitis (%); SPI: surgeon performance index. appropriate tool for improvement of the department's surgical quality. However, few surgeons fully agreed with a positive impact of the SPI on their respective individual quality. Younger surgeons more often accepted critical assessment of their individual quality while the more senior colleagues expressed some reservations towards an honest discussion of below-average individual results. Younger surgeons expected an increase of more demanding cases in the future while older surgeons were satisfied with the status quo and rather wished a more evenly distributed workload.
Discussion
The most important values in health care are expertise and skills of personnel [5] . Professional competence as well as humane care guarantees the success of medical therapy. One, however, has to differentiate between individual and collective quality. In recent years, collective quality has gained increasing importance within a total quality management concept resulting in various internal and external measures [6] . Broad acknowledgment of individual quality, however, has not yet been achieved. Although individual quality appears to remain in a rather shadowy existence for the time being it is of utmost interest when looking at total quality issues. In this regard physicians are particularly under surveillance inasmuch as they perform the core service in hospitals. Individual physician's quality is not only important inside the hospital but is also momentous concerning the hospital's reputation in the respective environment [7] . While quality is being readily recognized by the patient as one of the core criteria it has only been recently realized, however, that individual physician's quality requires proper assessment, controlling, and support [8] [9] [10] . In the economized health care system quality benchmarking of hospitals already exists [3] . Only those institutions being able to cope effectively with the business environment in terms of comparable quality will maintain their market position. Successfully established total quality management may even elicit a unique selling proposition paving the way for leadership in a particular medical field [1] .
Quality improvement has significant impact on costefficacy in hospitals. Absence of complications alone reduces factor-costs such as blood-and blood-product substitution or hospitalization time [11] . Furthermore, quality improvement takes the pressure of many hospital processes and pathways by alleviating organization and scheduling of surgical procedures in the operating theatres or by maintaining intensive care unit capacity. Process optimization is therefore not only a prerequisite for quality improvement but also one of the desired consequences [12] . Ideally, total quality management eventually results in substantial process optimization in the sense of a sustainable value chain according to Porter [13] . Individual quality has entered the literature as early as 1985 [14] . In this publication by Slogoff and Keats complications were assigned to several individual anesthesiologists demonstrating that lack of experience resulted in an increase of adverse events during anesthesia. This approach, however, disappeared in the literature for more than 20 years almost entirely but reappeared recently in publications dealing with individual quality regarding number and severity of cardiosurgical complications [12] . First approaches focused on the maintenance of cardiosurgical quality in resident-training situations [15] . Other authors addressed the issue of cardiosurgical quality depending on sleep deprivation [16] . Recently, the cumulative sum of failure (CUSUM) approach pointed to the influence of experience, i.e. number of procedures performed, on procedural quality in particularly demanding minimally invasive cardiosurgical procedures. While it became quite clear that experience correlates with surgical success and absence of adverse effects the issue of the influence of the patient's comorbidity has not yet been addressed sufficiently [17] . In light of the demographic changes risk-adjustment of cardiosurgical procedures, however, is mandatory in order to develop robust and fair data for valid benchmarking. Recently, 'Cardiac-Surgery-Quality-Report-Cards' documenting the individual early mortality of a respective surgeon have been inaugurated in Anglo-American countries for the purpose of improving transparency for the patient to choose the doctor he or she feels most comfortable with [7] [8] [9] . However, early mortality alone does not represent the true individual quality as many more aspects such as perioperative complications or long-term patency rates, quality of life, and absence of re-operations are important. Furthermore, focusing on early mortality alone may provoke a 'raisin pecking' of the surgeon refraining from operating upon highrisk patients. Consequently, patients who are mostly in demand of surgery would be driven from the 'market'. In economic terms, this represents a moral hazard as a consequence of asymmetrical information in the principal (patient)/agent (physician) relationship [18] . Differences in individual quality are a reality as surgical skills depend on individual stress resistance, dexterity, or intellectual capability [10, 17, 19] . Thus, they can only be ameliorated but not be entirely eliminated.
Another important aspect for assessment of individual performance is human resource management and development [4] . Maintaining high quality in a cardiosurgical department over a sustainable period requires constant adjustment of personnel. Residents need to be trained, senior staff members experience an evolutionary development towards more and more complex procedures, fluctuation requires acquisition of new staff members on the junior as well as the senior level, and finally individual deficits need to be detected early before they generate dire consequences. In all these instances, robust data concerning the individual quality greatly facilitates those constant changes.
Individual quality in cardiosurgical procedures can clearly be addressed utilizing a variety of short-term parameters such as early mortality, rethoracotomy for bleeding, sternum rewiring for instability, or mediastinitis but also long-term parameters such as quality of life, bypass patency rate, absence of re-operations, or the patient's satisfaction with the individual surgeon's care. Risk-adjustment, however, must be considered. As a consequence, a large bundle of data needs to be addressed when looking at individual quality resulting in difficulties to achieve a true comparability, i.e. a fair benchmarking [20] . In the economic world, ratios have been developed in order to facilitate perception of financial or procedural performance issues [13] . Thus, it may be prudent to define a ratio for individual surgical quality too. We therefore invented the ratio: SPI summarizing and condensing the most-relevant early parameters in a riskadjusted fashion. Early mortality can already be properly risk-adjusted by using evidence-based scoring systems. The logistical EuroSCORE provides a percentage of the individual risk to die early [21] . The percentage of the patients operated upon by a respective surgeon who died early can therefore readily be divided by the logistical EuroSCORE yielding a dimensionless ratio: risk-adjusted early mortality. Ideally, risk-adjusted early mortality lies around 1 (observed EM; %/predicted EM; %). Less than 1 indicates an aboveaverage performance while values >1 show a below-average performance. Early complications have not yet been addressed in such a systematic risk-adjusted fashion. However, evidence exists concerning the impact of early rethoracotomy, sternum rewiring, and mediastinitis regarding their respective impact on patient outcome. They can therefore be weighted empirically. Sternum instability appears to exert only minor adverse consequences while early rethoracotomy already enhances the risk to die early [22] . Mediastinitis, however, presents a rather severe problem significantly contributing to an adverse outcome [23] . Predicted percentages for the development of a respective complication do not yet exist. According to a recent study by Paul and colleagues, however, the EuroSCORE can be used to predict the risk for wound infections [24] . For the time being, risk-adjustment may therefore be performed using the logistical EuroSCORE. The formula utilized in this study is designed to normalize the sum of risk-adjusted early mortality and the risk-adjusted respective complications towards a value of 1 in order to maintain a readily perceptible threshold. In the future, the empirical weighting may then be replaced by an evidence-based risk-adjustment.
In this study we could show that individual parameters of quality are helpful to identify below-average performances as an internal benchmarking tool. An aggregated ratio of weighted key-performance parameters can be readily obtained by means of a surgeon performance index. SPI can clearly elucidate the individual surgeon's performance on a fair basis. We could also demonstrate that this tool finds acceptance among the surgical staff when kept confidential. More important, however, is the impact of SPI on quality improvement. It could be demonstrated that by using this instrument individual and overall performance could be optimized. Finally, SPI also served the purpose of human resource management elucidating the individual surgical development of the junior staff members over three annual periods. SPI is meant as a constructive and objective tool. However, it may sow undue rivalry if not properly introduced, accompanied, and mediated by the head of the department.
Assessment of several consecutive periods can result in a reduction of variance and improvement of overall performance as shown in Fig. 2 . After several years, it can be expected that mean SPI and SPI-variance will both approach marginal values. Individual below-average performance, however, can still be traced. In a holistic total quality management concept the ratio SPI can be incorporated into the 'balanced scorecard' (BSC) system, which comprises a bundle of interdependent, harmonized targets supported by ratios of different strategic levels such as innovative level, process level, customer level, and financial level thereby serving as an instrument for implementation of the TQMconcept in health care institutions [25] . Inaugurated in the early 1980s by Kaplan and Norton the balanced scorecard had soon been successfully adopted by health care institutions and various non-profit organizations. Consequently, it has been implemented by an increasing number of hospitals worldwide demonstrating an improvement of added value by enhancing overall quality [5] .
Limitations of the study
Our study only utilizes three consecutive periods. Furthermore, results of only 11 surgeons (9 surgeons in period 3) were analyzed. A long-term assessment on a larger scale, however, may yield higher variances and less positive effects. A true risk-adjusted incorporation of the three complications was not yet possible. Consequently, the desired ('ideal') threshold level cannot be exactly '1'. The current ratios as well as the SPI as an aggregate of early indicators only reflect short-term quality. As mentioned above, additional long-term parameters such as bypass patency rate, late mortality, absence of re-operations or quality of life may be necessary for further developmental steps towards a true short-and long-term total quality instrument. The surgical development of the junior surgeons alone may have resulted in an improvement of their performance as evolution of surgical skills is faster in the early course of training. In contrast, several senior surgeons also exhibited quality improvement indicating the value of the SPI as a valid and robust instrument for quality management. In our study we saw an increase of the necessity of early rethoracotomies in the consecutive threeyear course although general quality appeared to improve according to the analyzed data and ratios derived thereof. This particular phenomenon indicating an increase of early bleeding problems may be the consequence of implementation of a new bed-side coagulation monitoring system in our department between periods 1 and 2 in order to reduce the amount of blood and coagulation product substitution for cost-efficacy purposes [12] . Although this strategy turned out to be successful the more restrictive use of blood and coagulation products may have contributed to the nondesired number of early rethoracotomies of almost 11% in period 3.
Conclusion
Individual quality ratios such as SPI are useful tools for individual quality assessment and also serve the purpose of human resource management. In combination with other quality measures it can evolve into a promising component of total quality management. It is our underlying intention, however, not to publicize individual surgeon-specific quality data but instead enhance the performance of the entire group by means of optimization of the individual member's quality in an internal peer-review process. As a consequence, adverse patient selection can be avoided.
In the future, SPI may be expanded towards long-term results such as quality of life, long-term patency rate, and absence of re-operations. SPI may also be transferred to other surgical or even interventional fields. In cardiology, for instance, typical complications of an intervention may be compiled, risk-adjusted and condensed to an interventionist performance index (IPI).
